Introduction
============

Dynamic covalent chemistry (DCC) rests on the designed introduction of covalent bonds, formed by reversible reactions, into molecules, thus allowing for spontaneous modification of their constitution through component exchange.^[@cit1]^ On the other hand, the constitution of supramolecular entities is intrinsically dynamic in view of the lability of intermolecular interactions. Together, these two domains lead to the definition of a constitutional dynamic chemistry (CDC)^[@cit1d],[@cit1i]^ that covers the dynamic properties at both the molecular and supramolecular levels.

DCC^[@cit1]^ allows for the generation of dynamic covalent/combinatorial libraries (DCLs) of constituents from reversibly connecting components. The implementation of DCLs requires fast recombination of components in equilibrating systems under mild conditions so that the equilibrium may be perturbed by external physical or chemical agents causing the system to reorganize in response to and with adaptation to the perturbation. Among the reversible covalent reactions, the condensation between a carbonyl group and an amine to form an imine bond (CN) has been extensively used in DCC for generating DCLs^[@cit1]^ and in materials science, in particular for covalent dynamic polymers (dynamers).^[@cit2]^

Various chemical effectors and physical stimuli have been applied to drive dynamic supramolecular and molecular libraries. Among these agents, self-organization deserves special attention as it may be considered to play a crucial, arguably the most significant, role in the evolution towards states of matter of increasing complexity.^[@cit1d],[@cit3]^ In self-organization-driven processes the formation of a structured phase drives the selection, among the components making up the dynamic library, of those that produce the constituent(s) leading to the most highly organized and most stable assembly.

The amplification of a given constituent of a constitutional dynamic system under the driving force of the formation of an organized phase has been demonstrated for preferential crystallization,^[@cit4]^ surface adsorption^[@cit5]^ and in particular for the present purposes, the generation of a gel.^[@cit6]--[@cit9]^

Gels are well known soft materials of both basic interest and with a wide range of applications for instance in the food industry, cosmetics, and medicines. They are based on (supra)molecular networks trapping the aqueous (hydrogels) or organic (organogels) solvent molecules. Their internal network structure may result from physical bonds (physical gel) or chemical bonds (chemical gel). A supramolecular gel may be composed of a low-molecular weight gelator (LMWG), in which gelator molecules self-assemble under suitable conditions through various non-covalent interactions, such as hydrogen bonding, electrostatic interactions, van der Waals forces and π--π stacking, to form micro- or nano-scale networks (fibers, ribbons, sheets, or spheres) which further result in the formation of higher order three-dimensional networks.^[@cit10]^ Supramolecular gels formed from the self-assembly of LMWGs open a new area of functional materials, which demonstrates the power of supramolecular chemistry in materials science.^[@cit11]^ Besides, due to the non-covalent interactions, supramolecular gels have their own dynamic and reversible character and can respond sensitively to external stimuli (temperature, pH, solvent, light and redox reactions).^[@cit10d],[@cit11b],[@cit12]^ Thus, gels currently attract much interest for their potential as intriguing soft materials, and as media for biomedical applications for instance.

Recently, a novel exchange process leading to DCLs has been introduced. This process performs CC/CN exchange between a Knoevenagel derivative of a barbiturate and an imine.^[@cit13]^ The reaction was found to occur especially fast in organic media of low polarity, probably through an organic metathesis mechanism.^[@cit14]^

In the present work, such fast CC/CN exchange was implemented in the context of DCC-based selection driven by gelation, in order to examine the up-regulation of the constituent formed by the components generating the most stable gel, *i.e.* the materials with the highest state of self-organization. The exchange process was studied for compounds **K**, **K′-*n***, **I-*n*** and **I′** as illustrated in [Scheme 1](#sch1){ref-type="fig"}.

![CC/CN exchange reactions between the barbiturate-derived Knoevenagel compounds **K** and **K′-*n*** and the imines **I-*n*** and **I′**. The benzaldehyde-derived components bear chains of different lengths. The reactions are performed in equimolar solutions of **K**, and **I-*n*** (10 mM each) in CDCl~3~ at room temperature, generating a constitutional dynamic library containing the four constituents **K**, **I-*n***, **K′-*n***, and **I′**. The OMe derivatives **K** and **I′** are taken as reference compounds.](c7sc02827j-s1){#sch1}

Results and discussion
======================

Gel formation and properties
----------------------------

The Knoevenagel benzylidene-barbiturates **K** and **K′-*n*** ([Scheme 1](#sch1){ref-type="fig"}) were synthesized by condensation between *N*,*N*′-dimethyl-barbituric acid and the corresponding aldehydes (see ESI[†](#fn1){ref-type="fn"}). We found that the Knoevenagel compounds with long chains (**K′-16** and **K′-18**) do form a gel, while it was not the case with shorter chains. Besides, Knoevenagel compounds with two and three long chains (**K′-(16)~2~** and **K′-(10)~3~**) were synthesized and they also formed a gel under proper conditions. The corresponding imines **I-*n*** and **I′** were obtained from condensation between benzylamine and the corresponding aldehydes (see ESI[†](#fn1){ref-type="fn"}). None of them formed a gel in the studied solvents.

The gel formation ability of these compounds was evaluated in different solvents such as acetonitrile, ethanol, methanol, DMSO, and chloroform (using 1% w/v of gelator in the solvent at 20.6, 19.5, 13.8, and 14.0 mM concentration for **K′-16**, **K′-18**, **K′-(16)~2~**, and **K′-(10)~3~**, respectively; see [Table 1](#tab1){ref-type="table"}). The results showed that gel formation ([Scheme 2](#sch2){ref-type="fig"}) of **K′-16**, **K′-18**, and **K′-(10)~3~** ([Table 1](#tab1){ref-type="table"}, entries 1, 2, and 4) occured in both ethanol and acetonitrile, while a gel of **K′-(16)~2~** ([Table 1](#tab1){ref-type="table"}, entry 3) could only be obtained in DMSO. The gel to sol transition temperature (*T* ~gel~) was measured by the 'inverse flow method'.^[@cit15]^ The *T* ~gel~ at 1% w/v was 56 °C, 56 °C, 51 °C, and 33 °C, respectively. When the same molar concentration of 14.0 mM was used, the *T* ~gel~ was 53 °C, 53 °C, 51 °C, and 33 °C, respectively (see ESI[†](#fn1){ref-type="fn"}). For all the derivatives investigated, no gel formed in chloroform in which only solutions were obtained for all compounds. Furthermore, the Minimum Gel Concentration (MGC) was found to be 2.2, 2.3, 5.8, and 7.1 mg mL^--1^ (4.5, 4.4, 8.0 and 10.0 mM) for **K′-16**, **K′-18**, **K′-(16)~2~** and **K′-(10)~3~**, respectively (see ESI[†](#fn1){ref-type="fn"}).

###### Gelation properties of the organogelators **K′-*n*** at room temperature (23 °C)

  Entry   Compounds[^*a*^](#tab1fna){ref-type="table-fn"}   Solvents[^*b*^](#tab1fnb){ref-type="table-fn"}                                                                                           
  ------- ------------------------------------------------- ------------------------------------------------ ----------------------------------------- --- ----------------------------------------- ---
  1       **K′-16**                                         G                                                G[^*c*^](#tab1fnc){ref-type="table-fn"}   P   P                                         S
  2       **K′-18**                                         G                                                G[^*d*^](#tab1fnd){ref-type="table-fn"}   P   P                                         S
  3       **K′-(16)~2~**                                    P                                                P                                         P   G[^*e*^](#tab1fne){ref-type="table-fn"}   S
  4       **K′-(10)~3~**                                    G                                                G[^*f*^](#tab1fnf){ref-type="table-fn"}   P   S                                         S

^*a*^\[Gelator\] = 1% w/v; \[**K′-16**\] = 20.6 mM, \[**K′-18**\] = 19.5 mM, \[**K′-(16)~2~**\] = 13.8 mM, and \[**K′-(10)~3~**\] = 14.0 mM.

^*b*^G, gel; S, solution; P, precipitate.

^*c*^ *T* ~gel~ = 56 °C.

^*d*^ *T* ~gel~ = 56 °C.

^*e*^ *T* ~gel~ = 51 °C.

^*f*^ *T* ~gel~ = 33 °C.

![Representation of the benzylidene barbiturate compounds (**K′-*n***) which were used in the present gelation investigations.](c7sc02827j-s2){#sch2}

The gels obtained were observed using Scanning Electron Microscopy (SEM). The SEM images of the gels formed by organogelators **K′-*n*** showed micrometer-scale fibers ([Fig. 1](#fig1){ref-type="fig"}). The width of these fibers ranged from 0.5 to 1.5 μm, and their length can be extended to tens of micrometers, which accounted for the opacity of the organogels ([Fig. 1a, b, e and f](#fig1){ref-type="fig"}, insets). The optical aspect in the visible wavelength range (400--800 nm) may depend on the crystallinity of the gel^[@cit16]^ and on a matching between the index of refraction of the fibers and of the solvent. The fibers formed from gelators **K′-(16)~2~** and **K′-(10)~3~** ([Fig. 1e and f](#fig1){ref-type="fig"}) containing two or three alkyl chains were cross-linked with each other, and not as straight as those formed from gelators **K′-16** and **K′-18** ([Fig. 1a and b](#fig1){ref-type="fig"}) containing only one alkyl chain. In [Fig. 1c and d](#fig1){ref-type="fig"}, it can be seen that the fibers were very thin as seen from the overlap of strap fibers (marked by red dash line). These long fibers were entangled or crosslinked to form a 3D network, which is typical of gel structures. This self-assembling property leads to the formation of a self-supporting soft solid-like supramolecular material.

![SEM images of the gels formed by the organogelators in EtOH (**K′-16**, **K′-18**, and **K′-(10)~3~**) and DMSO (**K′-(16)~2~**): (a) and (c) **K′-16**; (b) and (d) **K′-18**; (e) **K′-(16)~2~**; (f) **K′-(10)~3~**; insets: photographic images of the gels.](c7sc02827j-f1){#fig1}

In order to investigate the packing mode of the molecules in the supramolecular gel state, X-ray scattering experiments were carried out on these organogels. [Fig. 2](#fig2){ref-type="fig"} shows the XRD patterns of xerogels obtained from **K-16**, **K-18**, **K-(16)~2~** and **K-(10)~3~**. In [Fig. 2a and b](#fig2){ref-type="fig"}, five diffraction peaks with *d*-spacings of 28.2, 14.0, 9.3, 7.0 and 5.6 Å for **K-16** and 29.9, 15.0, 10.0, 7.4 and 6.0 Å for **K-18** were found, corresponding to a ratio of 1 : 1/2 : 1/3 : 1/4 : 1/5. These data illustrate the formation of a layered structure.^[@cit17]^ Similarly, diffraction peaks with *d*-spacings of 25.4, 12.5, and 8.3 Å (1 : 1/2 : 1/3) for **K-(16)~2~** and 37.6, 18.7, 12.6, and 7.9 Å (1 : 1/2 : 1/3 : 1/4) for **K-(10)~3~** were also observed, again indicative of a lamellar structure ([Fig. 2c and d](#fig2){ref-type="fig"}). Moreover, diffraction peaks with a *d*-spacing of 3.4--3.9 Å were found in the wide-angle region, corresponding to the distance of π--π interactions.^[@cit17a],[@cit18]^

![XRD patterns of the xerogels obtained from (a) **K-16**, (b) **K-18**, (c) **K-(16)~2~**, and (d) **K-(10)~3~**.](c7sc02827j-f2){#fig2}

Based on the results of the SEM and XRD, a schematic representation of this hierarchical self-assembly is proposed in [Scheme 3](#sch3){ref-type="fig"}. The gelators self-assemble into a fibril structure probably through π--π interaction between the aromatic rings and van der Waals interaction between the outside alkyl chains. The fibers then weave into a 3D network and fix the solvents to form a gel through surface tension.^[@cit10a]^

![Hierarchical structure model of the **K′-*n*** gels: (a) structure model of the gelators; (b) self-assembly of gelators to form fibers as the secondary structure; and (c) 3D network weaved from fibers as the tertiary structure.](c7sc02827j-s3){#sch3}

Furthermore, to confirm the formation of the gels, the mechanical properties of these organogels were characterized by mechanical rheometry at 20 °C, as shown in Fig. S1.[†](#fn1){ref-type="fn"} The storage modulus (G′) describes the ability of the deformed materials to store energy, and the loss modulus (G′′) corresponds to the ability of the material to dissipate energy.^[@cit19]^ Strain amplitude sweeps, as shown in Fig. S1[†](#fn1){ref-type="fn"}, revealed the elastic response of the gels. The elastic moduli (G′) for all of the gels gradually decreased with increasing strain and above the critical strain region there was a crossover of G′ and G′′, indicating a disruption and collapse of the gel state.^[@cit20]^ These results indicate that the studied gels had clear elastic characteristics with a very stable self-assembled structure.

Factors influencing CC/CN exchange
----------------------------------

Several factors may have an impact on the CC/CN exchange, such as molecular structure, solvent, temperature, *etc.* ^[@cit13]^ They have been studied for the reactions of the present compounds ([Scheme 1](#sch1){ref-type="fig"}).

Influence of different solvents
-------------------------------

It has been found earlier that CC/CN exchange between imines and Knoevenagel derivatives of 1,3-dimethylbarbituric acid was fast and reversible in CDCl~3~ solution at room temperature in the absence of a catalyst, leading to rapid thermodynamical equilibration.^[@cit13]^ Here, we also compared the exchange reaction in different solvents, including chloroform, acetonitrile, DMSO and acetonitrile--ethanol mixture solution.

As imine **I-2** bearing a --C~2~H~5~ chain was suitably soluble in chloroform, acetonitrile and DMSO, exchange experiments between **K** and **I-2** were monitored by ^1^H-NMR (see chemical shifts in Table S1, ESI[†](#fn1){ref-type="fn"}) in different solvents ([Table 2](#tab2){ref-type="table"}, Fig. S2[†](#fn1){ref-type="fn"}). The time to reach equilibrium is different in CDCl~3~ and CD~3~CN--EtOD (9 : 1), being fastest in the medium of lowest polarity, in agreement with earlier results,^[@cit13]^ but the same compound distribution was finally reached. Thus, for the component exchange between the present **K** and **I-*n*** constituents, the solvent affects the reaction kinetics, but not the thermodynamics within experimental accuracy. This result serves as a basis for the identification of an eventual gelation-driven perturbation of the compound distribution (see below).

###### Influence of the solvent on the reaction time and equilibrium. The time for full exchange/reaching equilibrium *t* ~f~ is estimated from the moment where no further change is observed. The time for half-exchange *t* ~1/2~ is obtained from integration of the corresponding signals (see text)

  Solvents                                              *t* ~f~        *t* ~1/2~   Compound distribution \[%\]                        
  ----------------------------------------------------- -------------- ----------- ----------------------------- ------ ------ ------ -----
  CDCl~3~                                               15--20 min     7 min       23.8                          25.2   26.2   24.8   ---
  CD~3~CN                                               200--220 min   70 min      24.3                          25.0   25.6   25.1   ---
  CD~3~CN--EtOD[^*a*^](#tab2fna){ref-type="table-fn"}   6--6.5 h       1.8 h       25.1                          24.8   25.1   25.0   \<1
  DMSO                                                  30 h           12.5 h      23.9                          25.3   22.0   22.1   ∼6

^*a*^CD~3~CN : EtOD = 9 : 1 (v/v). Error in ^1^H-NMR determination by signal integration: ±5%.

Influence of chain length on CC/CN exchange
-------------------------------------------

From the data already published^[@cit13]^ and further studies,^[@cit14]^ it results that both the reactivity and the final compound distribution at equilibrium are strongly influenced by substitution. Here, the *para*-alkoxy-substituted imines **I-*n*** were reacted with the benzyl Knoevenagel compound **K** ([Scheme 1](#sch1){ref-type="fig"}) to check whether chain length would have any influence on the exchange reaction in CDCl~3~.

The synthesized *p*-ethoxyl, *p*-butoxyl, *p*-octyloxyl, *p*-hexadecyloxy and *p*-octadecyloxyl imines (**I-*n***) were reacted with the *p*-methoxybenzyl Knoevenagel compound (**K**) in CDCl~3~ to generate the equilibrium shown in [Scheme 1](#sch1){ref-type="fig"}. After recording the ^1^H-NMR signals (at 3.91 ppm for --OCH~3~ of **K**; 4.08 ppm for --OCH~2~ of **I-2**; 3.99 ppm for --OCH~2~ of **I-4**, **I-8**, **I-16** and **I-18**; 4.16 ppm for --OCH~2~ of **K′-2**; 4.06 ppm for --OCH~2~ of **K′-4**, **K′-8**, **K′-16**and **K′-18**; 3.85 ppm for --OCH~3~ of **I′**; or see chemical shifts in Table S1[†](#fn1){ref-type="fn"}) as a function of time for each exchange reaction, the time to reach equilibrium and the equilibrium distributions were compared (Table S2 and Fig. S3[†](#fn1){ref-type="fn"}). The reaction kinetics with different chain length are shown in Fig. S3.[†](#fn1){ref-type="fn"} No matter how long the chains are, the time to reach thermodynamic equilibrium was about 20 minutes in all cases and the distributions for both the starting compounds (**K**, and **I-*n***) and final compounds (**K′-*n***, and **I′**) were almost the same, around the 25% statistical value. That is to say, chains in the *para*-position will not cause steric hindrance. Therefore, the length of the chains does not affect (within measurement accuracy) the kinetics and thermodynamic equilibrium of the CC/CN exchange reactions studied here.

Influence of temperature on CC/CN exchange
------------------------------------------

The effect of temperature on the CC/CN exchange reaction was investigated in acetonitrile where the reaction is neither too fast nor too slow. Specifically, exchange experiments for the **K**, **I-2** pair were recorded in acetonitrile at different temperatures by monitoring the ^1^H-NMR signals (see chemical shifts in Table S1, ESI[†](#fn1){ref-type="fn"}). The changes of distribution with time at 5 °C, 25 °C and 60 °C were followed by monitoring the decrease of starting compound **I-2** and the increase of product **I′** ([Fig. 3](#fig3){ref-type="fig"}). The times for full and half exchange as well as the final distribution are given in [Table 3](#tab3){ref-type="table"}. The time of half exchange at 5 °C, 25 °C and 60 °C was about 112 min, 72 min and 18 min, respectively. The time to reach equilibrium at 5 °C was more than 7 hours, while it was about 1 h at 60 °C. The final distribution for all compounds was the same regardless of the temperature. So, as expected, temperature markedly affected the reaction rates but no change in the thermodynamic equilibrium was observed.

![CC/CN exchange reactions between **K** and **I-2** (10 mM each) in acetonitrile at different temperatures (60 °C, 25 °C, and 5 °C). Error in ^1^H-NMR determination by signal integration: ±5%.](c7sc02827j-f3){#fig3}

###### Effect of temperature on reaction time and equilibrium distribution for the CC/CN exchange reactions between **K** and **I-2**, 10 mM each in acetonitrile at different temperatures. The time for full exchange/reaching equilibrium *t* ~f~ is estimated from the moment where no further change is observed. The time for half-exchange *t* ~1/2~ is obtained from integration of the corresponding signals (see text). Error in ^1^H-NMR determination by signal integration: ±5%

  Temperature/°C   *t* ~f~/min   *t* ~1/2~/min   Compound distribution \[%\]                        
  ---------------- ------------- --------------- ----------------------------- ------ ------ ------ -----
  5                ∼450          112             23.9                          25.3   26.2   24.6   ---
  25               ∼240          72              24.5                          24.7   26.2   24.6   ---
  60               60            18              24.2                          25.5   25.8   24.5   ---

Gelation-driven component selection in a CC/CN dynamic library
--------------------------------------------------------------

The studies above show that fast exchange occurs under mild conditions at room temperature between compound **K** and a series of imines **I-*n*** in CDCl~3~ solution. On the other hand, it was found that **K′-16**, which contains a single --C~16~H~33~ chain, forms a gel in acetonitrile and ethanol. It thus appeared to be of much interest to investigate component selection driven by self-organization in the case of the formation of organogels *via* the present CC/CN covalent dynamic exchange process.

It was first necessary to select a specific solution environment for both the exchange reaction and the gel formation. As **I-16** did not dissolve well in pure acetonitrile but dissolved better in ethanol, a 9 : 1 mixture of acetonitrile and ethanol was used for a 1 : 1 mixture of compounds **K** and **I-16** at a concentration of 10 mM each, which was compatible with gel formation. The distribution of the constituents was determined as a function of time by monitoring the ^1^H-NMR signals (see chemical shifts in Table S1, ESI[†](#fn1){ref-type="fn"}). In the gel phase, the signals of the gelator **K′-16** were very broad as expected ([Fig. 4](#fig4){ref-type="fig"}). So, the fractions of the different constituents were first obtained by integration of the signals (for comparison of the whole NMR spectra, see Fig. S4[†](#fn1){ref-type="fn"}) of the other compounds (**K**, **I-16**, and **I′**). The amount of **K′-16** generated by the exchange reaction is the same as that measured for **I′**.

![^1^H-NMR spectra of the exchange reaction of **K** and **I-16** (10 mM each) measured in different states at equilibrium: (a) solution in CDCl~3~; (b) gel at 22 °C; (c) sol at 60 °C; (d) gel at 22 °C; (b), (c) and (d) in acetonitrile--ethanol 9 : 1.](c7sc02827j-f4){#fig4}

The exchange was slow, reaching equilibrium in about 11 hours ([Fig. 5](#fig5){ref-type="fig"}). The gel formed from about 3 hours after mixing. After waiting for 14 h to ensure that equilibrium was reached, the mixture of the exchange reaction was analysed, giving the compound distribution as **K** (10.3%), **I-16** (9.4%), **K′-16** (40.2%), and **I′** (40.1%) ([Fig. 4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}; gel state). Gel--sol interconversion was performed along temperature cycles ([Fig. 4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}). Thereafter, the melting temperature of the gel to give a sol was determined to be 52 °C by visual observation. The gel was then heated above that temperature, kept at 60 °C and the change in distribution of the constituents was monitored by ^1^H-NMR (see chemical shifts in Table S1, ESI[†](#fn1){ref-type="fn"}). The compound distribution changed quickly due to faster exchange at this higher temperature, and after about 90 minutes it had the following values: **K** (24.2%), **I-16** (24.8%), **K′-16** (25.3%), and **I′** (25.7%) ([Fig. 4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}; sol state). Finally, the temperature was lowered down to 22 °C so that the gel could form again. After reaching equilibrium, the constituent distribution was: **K** (10.2%), **I-16** (10.1%), **K′-16** (39.8%), and **I′** (39.8%) in the gel state ([Fig. 4](#fig4){ref-type="fig"} and [5](#fig5){ref-type="fig"}; re-gel state), *i.e.* the same as that when the gel formed for the first time. Considering these results, it is clear that the exchange reaction is reversible, but the more important and interesting point is to determine the reason for the different distributions at the two temperatures.

![Distribution of **K**, **I-16** and **I′** as a function of time. Left: gel formation from **K** and **I-16** (10 mM each in acetonitrile--ethanol 9 : 1) at 22 °C; middle: from gel state to sol state at 60 °C; right: from sol state to gel state on cooling to 22 °C. Error in ^1^H-NMR determination by signal integration: ±5% of spectra in [Fig. 4](#fig4){ref-type="fig"}.](c7sc02827j-f5){#fig5}

Comparing the exchange reactions in chloroform and in the acetonitrile--ethanol mixture, the distributions were very different in the gel state ([Fig. 6a and b](#fig6){ref-type="fig"}). However, the previous results indicated that different solvents influenced the time to reach equilibrium, but had no influence to the final distribution for the same exchange reaction. That is to say, there was no observable change in the thermodynamic equilibrium when the solvent was changed.

![Constituent distribution (**K**, **I-16**, **K′-16**, and **I′**) in different states after reaching equilibrium: (a) sol at 22 °C in chloroform, solution; (b) gel at 22 °C; (c) sol at 60 °C; (d) gel state reformed on cooling from 60 °C; (b), (c) and (d) in acetonitrile--ethanol 9 : 1. Error in ^1^H-NMR determination by signal integration: ±5% of spectra in [Fig. 4](#fig4){ref-type="fig"}.](c7sc02827j-f6){#fig6}

One may conclude that the formation of the gel by the reversible exchange reaction breaks the original thermodynamic equilibrium and led to another thermodynamic equilibrium state corresponding to a different distribution containing more **I′** as well as **K′-16** with an increase of ∼15%, from ∼25% to ∼40%. Thus, gelation was indeed the driving force for component selection.

At higher temperature, the gel gave a solution and the driving-force of gel formation disappeared, so that the distribution returned to the statistical one of ∼25% for each constituent ([Fig. 6c](#fig6){ref-type="fig"}). After cooling down, the sol gave a gel again and the gelation driven force gave back the initial distribution ([Fig. 6d](#fig6){ref-type="fig"}).

The previous gelation tests showed that **K′-18**, **K′-(16)~2~** and **K′-(10)~3~** could also form a gel in a suitable solvent. The exchange experiments using **I-18**, which contains a --C~18~H~37~ chain, in acetonitrile--ethanol gave similar results, as shown in Fig. S5.[†](#fn1){ref-type="fn"} However, though **K′-(16)~2~** formed a gel in DMSO, the corresponding imine **I-(16)~2~** was only slightly soluble in this solvent. Similarly, **K′-(10)~3~** formed a gel in acetonitrile and ethanol, but again the corresponding imine **I-(10)~3~** did not dissolve well in these two solvents. So, **I-(16)~2~** and **I-(10)~3~** could unfortunately not be used for exchange reactions.

SEM measurements were performed on the system produced after reaching equilibrium from a mixture of **K** and **I-16** or **I-18** ([Fig. 7](#fig7){ref-type="fig"}). They again showed strips, which were however not as long and regular as those formed by the corresponding pure gelators ([Fig. 1](#fig1){ref-type="fig"}). Probably, the other molecules formed in the exchanging system affected the ordered self-assembly of the gelators.

![SEM pictures of the gels formed after reaching equilibrium from mixing **K** and (a) **I-16** or (b) **I-18**; insets: photographic images of the gels formed in NMR tubes.](c7sc02827j-f7){#fig7}

### Network representation

The processes described herein concern CDLs of four constituents. The reversible changes in distribution can be represented in terms of a square dynamic network linking agonists (diagonals) and antagonists (edges).^[@cit1i],[@cit3],[@cit21],[@cit22]^ Starting from a statistical distribution in absence of the gel self-organization driving force, the amplification of the gelator **K′-16** on gel formation drives the simultaneous amplification of its agonist **I′**, which is the constituent least able (unfittest) to form a gel ([Scheme 4](#sch4){ref-type="fig"}). Such a process may be considered as self-amplification, whereby the formation of the gelator leads to the self-organization of a gel that in turn drives the formation of the gelator.

![Constitutional dynamic network representing the agonistic and antagonistic links between the constituents in the process of selection driven by gelation with reversibility upon sol/gel interconversion. The self-organization of the gel phase enforces the formation of the constituent that forms the gel.](c7sc02827j-s4){#sch4}

Experimental
============

Experimental procedures and chemical characterization can be found in the ESI.[†](#fn1){ref-type="fn"}

Conclusions
===========

We have designed and demonstrated a new approach to generating organogels through the dynamic covalent exchange of CC/CN bond recombination. The thermodynamic equilibrium of the CC/CN exchange reactions was not influenced by solvents, chain length, and temperature. In the dynamic network, the optimal gel-forming constituent (the long alkyl chain-containing **K′-16** compound) was amplified under the effect of the gelation process. The selective up-regulation of the **K′-16** gelator constituent indicated that self-organization acted as a driving force towards higher organization. The present results demonstrate the ability of a highly organized phase (here, an organogel), to direct a constitutional dynamic system towards the selection of the "fittest" components in a function-driven process.
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